The abundance and complexity of total poly(A) + RNA of human normal unstimulated lymphocytes , PHA-stimulated and leukemic lymphocytes were examined using the cDNA-poly(A) FNA hybridization technique. It was found that in both PHA-stimulated and leukemic lymphocytes the complexity of total poly(A) + RNA is strongly reduced in respect to normal unstimulated lymphocytes. The difference is due to a small portion,by weight,of high complexity sequences,suggesting the involvement of nuclear,not necessarily transcriptional,events. Moreover the heterologous hybridizations show that:Din PHA-stimulated lymphocytes there is a set of highly abundant sequences which are represented in normal and leukemic lymphocytes at a very reduced rate;2)the sequences abundant in normal unstimulated lymphocytes are less represented in leukemic lymphocytes;the converse also is true,but at a lower extent. On the basis of available data.it is suggested that the observed changes in the abundance pattern of PHA-stimulated lymphocytes may be related mainly to a difference in the half-life of the mRNAs,while those of leukemic lymphocytes require some transcriptional or post-transcriptional nuclear event.
INTRODUCTION
The cDNA-poly(A) RNA reassociation technique (1,2) has been extensively used to study the RNA sequence complexity and kinetic abundance in various differentiation stages (3,it) of the cell or from differently specialized tissues (5,6,7,8). The same approach has been applied to the study of the differences between the RNA molecules expressed in normal and neoplastic cells. These experiments were performed with in vitro growing cells,transformed by viruses or carcinogens (9,10,11),or using animal experimental models in vivo (12,13). In general little or no change in RNA sequence complexity was observed,as no dramatic change in the portion of the transcribed genome takes place during neoplastic transformation. On the other hand,a variable degree of difference in the relative abundance of the sequences is almost always reported (T4,15).
However,in most cases,the cell populations were studied under conditions more or less different from those of a spontaneous neoplastic cell in vivo.
We report here the results of a comparison between the total poly(A)
populations composed by lymphoid cells for at least the 95%. These cells are mainly (at least 75%) T lymphocytes and subjected to a minimum of manipulation,except for the case of PHA-stimulation. So we are comparing a normal non-cycling cell type with its spontaneous neoplastic counterpart,which also is mainly non-cycling (16) . We have analyzed the same cell population submitted to a lectin stimulation in vitro with the purpose to have further informations about a non neoplastic transformation of the same cell line. This can also act as a control of our ability to find differences between different functional stages of a cell. A similar comparison between a normal and a neoplastic human cell as they are in vivo,has not yet been performed,although an analysis of the abundance and complexity of poly(A) + RNA of normal peripheral lymphocytes (17) and of poly (A) + mRNA of leukemic leukocytes has already been reported (18, 19) .
MATERIALS AND METHODS
Cell sources and culture. The pure normal lymphocytes suspensions were obtained by passing the heparinized blood of healthy donors,after red cell sedimentation,through nylon filters (Leukopac). The PHA-stijnulation of the normal lymphocytes was obtained as described elsewhere (20) . The leukemic lymphocytes were obtained by means of a cell separator from an untreated acute lymphoblastic leukemia (ALL) patient with a circulating highly homogeneous (>95%) lymphoblast cell population. In all cases the washed cell pellets were processed immediately after preparation. The E rosette formation test was 75-90% positive on all populations studied.
Extraction of total RNA and digestion with purified DNase. Pellets of 4-6 x 10 cells were suspended in 30 ml of 0.01 M Na acetate (pH 5.2),0.01 M Na EDTA,0.5% SLS and the RNA was obtained by successive steps of buffer saturated phenol (at 65° C),phenolchloroform and isoamyl alcohol-chloroform (1/99) extraction. The RNA was then digested with purified DNase (50 ug/ml) in 0.1 M Trls (pH 7.0),5 nM MgCl for 30 min at room temperature. Before use the DNase (DNase I.DPFF.Worthington) was purified by a passage through a LBI (Worthington)-Sepharose column (21) ,then through an IMP-agarose (Miles) column and finally treated with bentonite (22) . By this treatment the RNase activity was completely eliminated. After digestion the RNA was reextracted twice.
Separation of poly(A)*RNA and size determination. The poly(A) RNA fraction was obtained by passing the total purified RNA through an oligo (dT)-cellulose column (PL Biochemicals,T7 grade) (23) . The material was heated for 5 min at 65° C and then passed twice on the column. The RNA of the low salt fraction was denatured with DMSO and chromatographed again (24) . The poly(A) + fraction was then sedimented on a linear sucrose gradient (5-20%) in 7 M urea. Each fraction of the gradient was hybridized with hipoly(U) (New England Nuclear) as described by Bishop et al. (25) .
Synthesis of cDNA and size determination on denaturing gel. Complementary DNA (cDNA) was synthesized by oligo (dT)-primed AMV reverse transcriptase (100 units/ml) in presence of Ti-dCTP (New England Nuclear,18.1-51.1 Ci/mmol) as described elsewhere (26) .
The specific activity of the resulting purified cDNA was 1.3-1.8 xiO cpm/ng. The size of the different cDNA preparations was measured by electrophoresis on 1.1% agarose.10.5 mM CH2Hg0H in borate buffer (pH 7-9) (27) . Wild type lambda phage completely digested by Hind III restriction endonuclease was used as internal marker.
Hybridization of cDNAs with poly(A)*RNAs and S1 nuclease hybrid assay.The hybridizations were performed in sealed capillaries in 0.025 M HEPES (pH 7.1),2 mM Na EDTA,0.075-0.615 M NaCl at 65° C. The poly(A) + RNA/cDNA ratio was 10,000/1 by weight in all experiments.
The minimum amount of radioactivity used was at least 1500 cpm for a single point. The extent of hybridization was assayed by resistance to S nuclease (Miles) according to Getz et al. (11) .
Total DNA extraction,fragmentation,size determination and hybridization with cDNAs.
The DNA was extracted from normal human leukocytes by a modification of Marmur procedure. The DNA was fragmented by sonication and the size of resulting fragments was determined by sedimentation onto alkaline sucrose gradients as described previously (20) . The hybridization of cDNA with fragmented DNA was performed in sealed capillaries in 0.2-0.5 M phosphate buffer (pH 6.8) at 65° C. The DNA/cDNA ratio was 100,000/1 for all experimental points and the minimum amount of radioactivity used was 1500 cpm for a single point. The hybridization level was determined after dilution by S nuclease resistance. The rate constants and curves through the data of the hybridizations between the cDNAs and the poly(A) + RNAs or total DNA were obtained using a computer program (20) according to the equations [1] and [3] reported by Savage et al. (7) .
Cell free translation system and gradient gel electrophoresis. Messenger RNA dependent rabbit reticulocyte lysates were prepared according to Pelham and Jackson (28) using micrococcal nuclease and adding spennidine 0.5 mM. The translations were carried out at 30° C for 90 min.in the presence of S-methionine (New England Nuclear; 35 uCi/ reaction mixture). Polyacrylamide 7.5-20% gradient gels,containing 0.5% SDS.were run essentially as described by Laenmli (29) . SDS-PAGE standards (Bio-Rad) for low molecular weight proteins were run on a parallel lane. The gels were stained and autoradicgraphs were scanned with a densitometer (Beckman Analytrol,modified).
RESULTS
Characterization of the poly(A)*RNAs and of transcribed cDNAs.
The sedimentation profile of the poly(A) RNAs on urea-sucrose gradients (Fig.iA) shows that in all cases we are dealing with molecular populations which have the expected median length (about 20 S) for a mixture of pre-messenger and messenger RNA molecules without a significant degradation (30) . Because the gradients used are not The length of the cDNAs synthesized was measured in a fully denaturing methylmercury-agarose gel system,using as markers the restriction fragments of lambda phage digested with Hind III (Fig. 1 B) . Tne median length of the cDNAs was between 1H00 and 1700 nucleotldes for all preparations used. When the cDNA obtained from normal unstimulated lymphocytes is hybridized with total poly(A) RNA extracted from PHA-stimulated lymphocytes (Fig. 1 A) (Fig. >i B) the material hybridized at the highest Rot value is a 6% lower than in homologous hybridization. So this material is absent or very rare in polyadenylated RNA of leukemic lymphocytes. The percentage of the radioactive cDNA hybridized in the heterologous reaction remains lower than in the homologous hybridization until a Rot of about 100. Because we have assigned to the normal lymphocytes a sequence complexity much higher than that of PHA-stimulated or leukemic lymphocytes,we would expect,in the heterologous reactions,an higher percentage of non reacting material than that really found (about 6% in both cases). We must conclude that the differences in complexity are due to very rare sequences which contribute very few percent by weight. (Fig. 6 A) shows
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+ RNA preparations used in the hybridization experiments described previously were able to stimulate the reticulocyte system to incorporate between 15 and 25 times more radioactivity than the system alone. However we have to remember that the rarer poly(A)*RNA molecules cannot be translated and that this system tend to overevaluate the contribution of the smaller poly(A) RNAs. The autoradiographs of the SDS-poly-acrylamlde gradient gels showed 58 major bands in the case of PHA-stimulated lymphocytes 58 in the case of normal peripheral lymphocytes and 55 in the case of ALL lymphocytes. The molecular weight markers included in the gels show that we are dealing with proteins ranging from 15,000 to 100,000 daltons (Fig. 7) .
A densitometer scanning of the autoradiograms allows some comparisons based on the assunption that the bands with the same velocity of migration represent the same polypeptides, which is obviously not necessarily true, the vast majority of the PHA are absent in ALL lymphocytes;two bands present in ALL are absent in PHA lymphocytes. The 38% of the bands cannon to both PHA and ALL lymphocytes is less intense in ALL than in PHA lymphocytes. Only the 15% of the bands common to both populations is more intense in ALL than in PHA lymphocytes. The percentage of bands more intense in ALL than in normal unstimulated lymphocytes (8%) is almost identical to that of the bands which in ALL are less intense than in normal unstimulated lymphocytes (9%).
These data are consistent with the previous finding that the repetition frequency of the abundant sequences of poly(A) + RNA in PHA-stimulated lymphocytes is definitely higher than that of normal and leukemic lymphocytes abundant components.
DISCUSSION
The reported results are relative to the total poly(A) + RNA molecules of the examined cells. These molecular populations represent together the polyadenylated fractions of nuclear and cytoplasmic RNA. It is well established that the complexity of nuclear poly(A) RNA molecules in mammalian cells is t-10 times higher than that of cytoplasmic poly(A) + RNA molecules,mainly because of the presence of a low abundance, high complexity set of sequences (31, 36) . It has been recently suggested that the sequences present in the nucleus and not present in the cytoplasm can be,at least partially,non coding sequences.resulting from the transcription of "spacer" DNA regions (37) . So the number of different sequences obtained dividing the complexity in nucleotides of total or nuclear RNA by the median nucleotide length of a human message (2000 nt) is merely indicative and certainly higher than the number of different coding sequences transcribed. On the other hand the sequences which are abundant in cytoplasmic poly(A) + FNA are generally abundant also in his nuclear counterpart,but frequently with a lower repetition frequency (38) . For these reasons the complexity of total poly(A) RNA molecules will be in fact the complexity of the nuclear poly(A) RNA,while the repetition frequency of the most abundant components will be influenced mainly by the repetition frequency of the abundant components of the cytoplasmic poly(A)*RNA.
Comparison between the complexities of the total poly(A) RNA of normal unstimulated, PHA-stimulated and leukemic lymphocytes.
Two main arguments have been raised repeatedly against the complexity calculations based on the cDNA-poly(A) RNA hybridization technique: 1) the AMV reverse transcriptase may transcribe different poly(A) + RNA molecules with different efficiency (39); 2) frequently it is iinpossible to clearly demonstrate a final termination value for the reaction (10) . So the technique is generally considered less sensitive than the single copy DNA saturation technique in determining the genetic complexity of an RNA population tion,although some Authors report similar results using both techniques (5, 11) . In 
